pigs were individually weighed and the 2 pigs (n = 96) in each pen closest to the median pig BW were selected and slaughtered. The right side of each carcass was dissected into soft tissue, skin, and bone. Proximate composition was determined on the soft tissue to determine percentage fat-free lean. The left side of each carcass was weighed and initially fabricated into ham, loin, belly, and whole shoulder. Each primal piece was weighed again and further fabricated into respective subprimal cuts. Immunological castration did not change (P > 0.05) shear force values or ultimate pH when compared with either physical castrates or entire males. Marbling appeared to decrease as dietary lysine was increased among IC males. As expected, IC males had a greater (P < 0.05) percentage fat-free lean than physical castrates but less (P < 0.05) than entire males. Immunologically castrated males fed diets with medium/high and high lysine had greater (P < 0.05) lean cutting yields and carcass cutting yields than physical castrates. Lean cutting yield and carcass cutting yields appeared to increase as dietary lysine was increased among IC males. Overall, immunological castration improved carcass cutability, increased percentage fat free lean, and had no effect on pork quality when compared with physical castrates.
INTRODUCTION
Immunization against gonadotropin-releasing factor (GnRF), also known as immunological castration (IC) has increased in popularity and availability in recent years to control boar taint at slaughter and to take advantage of the ability of an entire male pig to de-posit more muscle and less fat than physically castrated males (Campbell et al., 1989; Dunshea et al., 2001) . Historically, sexually mature entire males have not been used in some global food production systems because of their tendency to cause objectionable odors in the meat (Babol and Squires, 1995) . Font i Furnols et al. (2009) reported no differences in odor or flavor between meat from physical castrates or IC males. This makes for a greater likelihood of adoption of IC into production systems. Lean meat advantages as well as growth and efficiency improvements have also been reported. For example, Fuchs et al. (2009) reported a lean meat percentage advantage of IC males when compared with physically castrated males.
Past studies compared IC males with physical castrates or entire males when each sex was fed the same diet with equal lysine content. In a typical IC production system, pigs physiologically function as entire males for a large portion of their lives and then transition to become more like a castrate after immunization. Therefore, lysine requirements of entire and IC male pigs under commercial conditions need to be defined.
The objective of this study was to evaluate increasing lysine inclusion in grower/finisher diets of IC male pigs to maximize percentage fat free lean and carcass cutting yields. Second, the study compared IC males with entire males fed the same diet and compared IC males with physically castrated males fed the same diet. This information will help swine nutritionists and producers determine optimal dietary lysine inclusion levels for IC male grower/finisher diets to maximize lean tissue deposition.
MATERIALS AND METHODS
Experimental procedures during the live phase of the experiment followed the guidelines stated in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) . No approval was obtained from the University of Illinois Institutional Animal Care and Use Committee for this experiment because only carcasses were used in the experiment. Samples were obtained from a US Food Safety and Inspection Service-inspected slaughter facility and then transported to the University of Illinois Meat Science Laboratory.
Allotment and Diet Schedule
Pigs for slaughter and fabrication evaluation were selected from a much larger experiment that involved approximately 1,200 head of commercial finisher pigs (PIC 337 × PIC 1050, Pig Improvement Company, Hendersonville, TN). Initially, pigs were randomly assigned to 1 of 3 sexes (physical castrate, IC male, and entire male) at 1 wk of age. Pigs designated for the physical castrate group were surgically castrated within 10 d of birth. The study used 4 dietary programs differing in percentage lysine inclusion (Table 1 ). The diets ranged in lysine from the requirement for physical castrates of this genotype (low: 0.7% in the late finishing diet; NRC, 1998) to a lysine content formulated to be in excess of requirements to ensure lysine was not limiting the entire males (high: 1.0%). Two intermediate lysine diets were also fed to IC males and designated as low/ medium (0.8%) and medium/high (0.9%) in the late finishing phase. This resulted in 6 treatment groups: physical castrates fed a low lysine diet, IC males fed a low lysine diet, IC males fed a low/medium lysine diet, IC males fed a medium/high lysine diet, IC males fed a high lysine diet, and entire males fed a high lysine diet.
Pigs were housed in pens of approximately 25 pigs per pen of like sex. All treatment groups were fed the same nursery diet until the pigs were 6 wk old, after which pigs were switched to their respective treatment diets, each with a step-down lysine inclusion that culminated in the concentrations described previously. Diet schedule and specific lysine inclusion for the entire feeding period are described further in Table 1 . The first of two 2-mL subcutaneous injections of an anti-GnRF immunological product (Improvest, Pfizer Animal Health, Kalamazoo, MI) was administered to the IC males at 16 wk of age. The second injection was administered at 20 wk of age, and all pigs were slaughtered 5 wk postsecond injection at 25 wk of age. No placebo injection was administered to the physical castrates or entire males during either injection period.
Animal Selection
After the feeding trial, 96 pigs (16 per treatment) were selected based on ending BW (BW 48 h before slaughter) for further analysis. Two pigs per pen closest to the median pig BW were identified and slaughtered at a US Food Safety and Inspection Service-inspected abattoir. At the time of slaughter, HCW was recorded along with loin depth (10th rib) and fat depth (10th rib) using a Fat-O-Meater system (Fat-O-Meater measurements, SFK Technology Fat-O-Meater, Herlev, Denmark). Loin depth and fat depth measurements were used to calculate estimated percentage lean. Dressing percent was calculated by dividing HCW by ending BW taken 48 h before slaughter. After slaughter, carcasses were chilled for approximately 24 h and transported to the University of Illinois Meat Science Laboratory in a refrigerated truck.
Carcass Measurements
The right side of each chilled carcass was cut at the location of the 10th rib. Backfat was measured perpendicular to the skin at the 3/4 point of the loin eye area (LEA) at the 10th rib. Loin eye area was measured by tracing the face of LM on double-matted acetate paper. Loin tracings were traced in duplicate using a Super Planix α polar planimeter (Tamaya Technics Inc., Tokyo, Japan), and the average of the 2 measurements was reported as LEA for each carcass.
Fat-Free Lean Determination
The right side of each carcass was standardized by removing any remaining pelvic canal fat and mandibular lymph nodes. After standardization, a chilled side weight was taken. Sides were skinned using an air skinner to remove less than 3 mm of skin and tissue. All bones were separated from soft tissue and knife scraped to remove residual tissue. Dissected sides were divided and weighed based on category of skin, bone, and soft tissue. Soft tissue was prepared for proximate composition analysis by grinding all soft tissue twice through a 4.7-mm grinder plate using commercial meat grinder (Hobart Corporation, Troy, OH) and further homogenized with a commercial bowl chopper. A 10-g sample of soft tissue was oven-dried at 110°C for approximately 24 h to determine percentage moisture. The dried sample was washed multiple times in an azeotropic mixture of warm chloroform:methanol as described by Novakofski et al. (1989) . Percentage fat was used to calculate percentage fat-free lean using the following equation: 
Warner-Bratzler Shear Force
Chops for shear force were cut 2.54-cm thick from the LM immediately posterior to the area of the 10th rib. Chops were vacuum packaged, stored at 4°C, and aged until 14 d postmortem. At the end of the aging period, chops were frozen and held until further analysis. Twenty-four hours before analysis, chops were removed from the freezer and placed in a cooler at 4°C to thaw. Chops were trimmed of excess fat and cooked on a Farberware Open Hearth grill (model 455N, Walter Kidde, Bronx, NY). Chops were cooked on 1 side to an internal temperature of 35°C, flipped, and cooked to a final internal temperature of 70°C. Internal temperature was monitored using copper-constantan thermocouples (Type T, Omega Engineering, Stanford, CT) connected to a digital scanning thermometer (model 92000-00, Barnant Co., Barrington, IL). Next, chops were allowed to cool to 25°C and four 1.25-cm-diameter cores were removed parallel to the orientation of the muscle fibers. Cores were sheared using a Texture Analyzer TA.HD Plus (Texture Technologies Corp., Scarsdale, NY/Stable Microsystems, Godalming, UK) with a blade speed of 3.3 mm/s and a load cell capacity of 100 kg. A single shear force was determined on each of the 4 cores. Shear force was reported as the average of the 4 cores. Cook loss was determined by weighing chops used for shear force immediately before and after cooking. Reported values are percentage weight lost during cooking.
Pork Quality
Pork quality measurements for ultimate pH, objective color, subjective color, marbling and firmness scores, and drip loss were conducted by trained University of Illinois Meat Science Laboratory personnel. Measurements were collected on boneless Canadian back loins (NAMP, 2007; #414) cut at the area of the 10th rib. Ultimate pH was measured using a handheld pH star probe fitted with a glass electrode (SFK Technologies Inc., Cedar Rapids, IA; 2-point calibration; pH 4 and 7). Objective CIE L* (lightness), a* (redness), and b* (yellowness; CIE, 1978) values were collected with a Minolta CR-400 utilizing a D65 light source and a 0° observer and an aperture size of 8 mm. Subjective color and marbling scores (NPPC, 1999) and firmness scores (NPPC, 1991) were conducted by a single individual according to standards established by the National Pork Producers Council. Loin muscle proximate composition was determined in the same manner described for fatfree lean proximate composition. Water-holding capacity was evaluated using the drip-loss method where a 1.25-cm-thick chop was suspended from a fish hook in a Whirl-Pak bag for approximately 24 h at 4°C. Chops were weighed before and immediately after suspension. Results were reported as a percentage of weight loss.
Carcass Fabrication
The left side of each chilled carcass was initially fabricated into ham, loin, belly (spareribs on), whole shoulder (neck bones removed), and jowl. Each primal piece was weighed again before further fabrication into subprimal cuts. Because of the variability in BW and HCW across treatments, carcass cut-out data were also expressed as a percentage of chilled side weight. Ham. Hams were fabricated according to Boler et al. (2011) . Hams were cut to meet the specification of a NAMP #401 and designated as a whole ham. Whole hams were skinned and trimmed of excess fat to meet the specification of NAMP #402 to determine trimmed ham weight. Trimmed hams were fabricated into 5 separate pieces: inside ham (NAMP #402F), outside ham (NAMP #402E), knuckle, shank portion, and light butt. The inside, outside, and knuckle were completely denuded of fat. All 5 pieces were individually identified and weighed. Identities of the inside, outside, and knuckle were retained to make NAMP #402G 3-piece hams at a later time. Identities of the shank portion and light butt were not retained.
Loin. Skin on bone-in loins was skinned to meet the specifications of a NAMP #410 loin. Trimmed loins were weighed and fabricated into a NAMP #414 Canadian back, NAMP #415A tenderloin (side muscle off), and the sirloin end.
Belly. The whole sparerib-in belly was fabricated into a NAMP #408 belly and NAMP #416 spareribs.
Shoulder. The whole shoulder was fabricated into a modified NAMP #404 skinned shoulder, where the picnic portion was skinned also. The Boston butt was separated from the picnic to form a NAMP #406 bonein Boston butt and a modified skinned NAMP #405 bone-in picnic shoulder. Each piece was boned out to meet the specifications of NAMP #406A boneless Boston butt and a NAMP #405A boneless picnic shoulder. The boneless picnic shoulder was further fabricated by removing the triceps brachii and weighing the cushion NAMP #405B.
Cutting Yields
Bone-in lean cutting yield was calculated with the following equation: 
Statistical Analyses
Data were analyzed with the Mixed procedure (SAS Inst. Inc., Cary, NC) as a general linear mixed model.
Pen served as the experimental unit, and the fixed effect in the model was treatment (sex and lysine combination). There were 16 pigs per treatment group with 2 pigs per pen being selected for analysis for a total of 8 replicates per treatment. Random effects were block and the interaction between block and treatment. If the overall treatment effect was significant, then all possible pairwise comparisons were conducted using the PDIFF option at the treatment level. Noncontinuous variables (subjective color, marbling, and firmness) were analyzed with the Glimmix procedure of SAS with the same fixed and random effects listed for other parameters as a normal distribution with an identity link function. Statistical differences were accepted as significant at P < 0.05 using a 2-tailed test.
RESULTS AND DISCUSSION
Population summary statistics for all 96 selected pigs are reported for carcass characteristics, pork quality, and cutting yields in Table 2 .
Carcass Characteristics
Ending BW in the current study were a representative subsample of the whole population. Body weights of IC males fed the medium/high lysine diet and low/ medium lysine diet were greater (P < 0.05) than physical castrates (data not shown) when all pigs were evaluated. Though not statistically different (P > 0.05), BW of IC males fed the high lysine diet were lighter than IC males fed the low/medium diet and IC males fed the medium/high lysine diet (data not shown). In the current study (analyzing only the subpopulation), ending BW of physical castrates and IC males fed the low lysine diet were lighter (P < 0.05) than the other IC male treatment groups. Hot carcass weight for IC males fed medium/high lysine diets were heavier (P < 0.05) than physical castrates, IC males fed low or high lysine diets, and entire males. Immunologically castrated males fed low/medium lysine diets were similar (P > 0.05) to all other treatment groups. Dressing percent was less (P < 0.05) for IC males and entire males than physical castrates (Table 3 ). Dressing percent was not different (P > 0.05) among IC males regardless of dietary lysine content. Dressing percent was greater (P < 0.05) for IC males fed medium/high lysine diets when compared with entire males. Comparisons of other IC male dietary treatment groups were not different (P > 0.05) from dressing percents of entire males. Zamaratskaia et al. (2008) reported a 1.8 percentage unit reduction in dressing percent of IC males when compared with physical castrates and a 0.6 percentage unit decrease in dressing percent in entire males when compared with physical castrates. Similar to the current study, Mc-Cauley et al. (2003) reported no differences in dressing percent between IC males and entire males. Testicle weight was likely responsible for a portion of the reduction in dressing percent of IC males or entire males when compared with physical castrates. Dunshea et al. (2001) also reported a reduction in dressing percent of approximately 1.5 percentage units for entire males and IC males when compared with physical castrates. Testicle weight of entire males and IC males accounted for less than 1% of ending BW (Dunshea et al., 2001) . Thus, additional factors may be affecting the reduction in dressing percent. Dunshea et al. (2001) speculated an increase in feed intake by IC males after the second injection could account for more gut fill and contribute to a reduction in dressing percent. In this study, ending BW was collected 48 h before slaughter without a fasting period and may explain some of the reduction, but that conclusion cannot be confidently stated because neither gut fill nor testicle weight were evaluated in the current study.
Immunologically castrated males fed the high lysine diet had a deeper loin depth (P < 0.05) than entire males. No other differences (P > 0.05) were detected among other treatment groups for loin depth. No differences were detected for fat depth among physical castrates, IC males fed low lysine, IC males fed low/ medium lysine, or IC males fed medium/high lysine.
Entire males had less fat depth (P < 0.05) when compared with the other treatment groups with the only exception being IC males fed high lysine (P > 0.05). It appears that as dietary lysine increased backfat tended to decrease in IC males. Carcass estimated lean, as predicted with a Fat-O-Meater, was greater (P < 0.05) in IC males fed high lysine and in entire males when compared with physical castrates and IC males fed the 2 smaller amounts of dietary lysine. Immunocastrated males fed medium/high lysine did not vary significantly (P > 0.05) from any of the other treatment groups. Thus, based on estimation of carcass percentage lean, dietary lysine content is important for IC males to attain carcass lean percentages comparable with entire males.
Physical carcass measurements were also collected on each carcass. Loin eye areas of physical castrates were smaller (P < 0.05) than LEA of IC males fed medium/ high lysine, IC males fed high lysine, and entire males. There were no differences (P > 0.05) in LEA among IC males regardless of lysine content (Table 3 ). Based on backfat thickness, entire males were the leanest (P < 0.05) among all treatment groups. There were no differences (P > 0.05) in backfat thickness among physical castrates and IC males regardless of dietary lysine content. Fuchs et al. (2009) also reported greater fat depths for physical castrates over entire males. Many researchers, in studies involving IC males, reported estimated lean using various technologies including the Fat-O-Meater (Gispert et al., 2010) , ultrameter (Jaros et al., 2005) , the Hennessy probe (Fuchs et al., 2009; Rikard-Bell et al., 2009) , and dual energy x-ray absorptiometry Moore et al., 2009; Rikard-Bell et al., 2009 ). The current study agrees with each of the previously listed studies where IC males have a greater estimated lean (range 55.8 to 57.5%), using a Fat-O-Meater, than physical castrates (55.2%), but a decreased estimated lean than entire males (58.0%) even though the magnitude of the differences did not reach statistical significance (Table 3) . However, the high lysine IC males (57.5%) had a greater (P < 0.05) lean meat estimate than physical castrates (55.2%).
In contrast to other studies that only used the Fat-O-Meater, in this experiment, sides were dissected to determine fat-free lean (Table 3) . Right sides of the carcass were dissected into skin, bone, and soft tissue. Bone weight was heavier (P < 0.05) in entire males than either IC males or physical castrates with the exception of the IC males fed the medium/high lysine diet where bone weights were not different (P > 0.05). Proximate composition was determined on the soft tissue. It appears from this population of pigs, the Fat-O-Meater detected relatively fewer differences in estimated lean percentages across treatment groups, and where differences were detected statistically (P < 0.05), the magnitude of the differences were smaller when compared with fat-free lean data from physical dissection and chemical analysis.
Fat-free lean was less (P < 0.05) for physical castrates (53.8%) when compared with entire males (64.2%) or any of the IC male dietary treatment groups (range of 56.1 to 59.8%). Entire males had the greatest (P < 0.05) fat-free lean of any other treatment groups (Table 3) . Percentage fat-free lean increased 3.7 percentage units in IC males as lysine was increased from low (56.1% fat-free lean) to high (59.8% fat-free lean) dietary lysine. There were no differences (P > 0.05) among IC males fed low, low/medium, or medium/high lysine, but there appeared to be a linear increase in fatfree lean as dietary lysine increased. Witte et al. (2000) reported an increase in carcass lean when dietary lysine increased from 4.8 to 6.4 g/kg. Fat-free lean percentage was greater (P < 0.05) in the high lysine IC males than the IC males fed low or low/medium lysine, but less (P < 0.05) than in the entire males. 
Pork Quality
There were no differences in shear force, cook loss, or ultimate pH among any of the treatment groups (Table  4 ). The lack of significant differences in muscle pH was expected because other researchers reported varying protein content in finishing swine diets did not affect muscle pH (Goerl et al., 1995; Witte et al., 2000; Szabó et al., 2001) . Zamaratskaia et al. (2008) also reported no differences in ultimate pH among physical castrates, IC males, or entire males in either the LM or the biceps femoris muscles. D' Souza and Mullan (2002, 2003) agreed and reported no differences in ultimate pH of the LM among the 3 sexes. Gispert et al. (2010) agreed and reported no differences in LM ultimate pH among physical castrates, IC males, entire males, or gilts. Furthermore, Pauly et al. (2009) reported no differences in 30 min postmortem LM pH or ultimate pH among entire males, IC males, or physical castrates.
There were significant differences (P < 0.05) among treatments for objective color scores and subjective evaluations, but the magnitude of differences between treatments were relatively small and within the range of consumer acceptability. Zhu and Brewer (1999) reported at least a 2-L* unit difference was required before consumers could distinguish color differences. Entire males had L* values (48.07) that were less (P < 0.05) than all other treatment groups, but the L* range (53.33 to 55.86) among the other treatment groups just slightly exceeded (2.53) the 2-unit requirement of Zhu and Brewer (1999) . Differences in L* values between entire males and other sexes was reported previously by Gispert et al. (2010 ). D'Souza and Mullan (2002 and Pauly et al. (2009) , however, were unable to detect differences in objective L* between entire males and IC males or physical castrates. Moore et al. (2009) used multivariate ANOVA to demonstrate IC males had greater L*, a*, and b* values than entire males.
Physical castrates and IC males fed the low lysine diet had greater (P < 0.05) loin fat percentages (% extractable lipid) when compared with the other 4 treatment groups. Extractable lipid appeared to decrease as lysine increased among IC males (Table 4 ). As expected, entire males (1.32%) had less (P < 0.05) extractable lipid than physical castrates (2.37%). Extractable lipid decreased 1.01 percentage units from IC males fed the low lysine diet (2.29%) to the IC males fed the high lysine diet (1.28%). The decrease in marbling in IC males as lysine was increased could be because lysine in the low and low/medium diets for the IC male treatment group was less than their optimum growth requirement.
Drip loss was not different (P > 0.05) between physical castrates or entire males. Interestingly, IC males fed the medium/high lysine diet had greater (P < 0.05) drip loss values than IC males fed the high lysine diet. D' Souza and Mullan (2003) reported no differences in drip loss among physical castrates, IC males, and entire males. Additionally, Pauly et al. (2009) reported no differences for any water-holding capacity characteristics (drip loss, thaw loss, or purge loss) among physical castrates, IC males, or entire males fed the same dietary lysine.
Carcass Fabrication
Whole shoulder weights were heavier (P < 0.05) for the medium/high IC males than any other treatment groups, but when expressed as a percentage of chilled side weight there were no differences among any treatments (Table 5 ). Upon closer examination of effects of sex and dietary lysine on subprimal cuts, results were more variable. Bone-in Boston butt and boneless Boston butt of IC males fed high lysine and entire males had a greater (P < 0.05) percentage of chilled side weight than physical castrates and IC males fed low lysine. There were no differences (P > 0.05) in percentage chilled side weight among any treatment group for bone-in picnic, boneless picnic, or cushion (triceps brachii; Table 5 ). There were differences (P < 0.05) among treatment groups for the jowl, but the differences were small (range 1.84 to 2.34%) and of little practical value. Immunologically castrated males fed medium/high lysine had whole loins that were heavier (P < 0.05) than entire males. Trimmed loin weights of IC males fed medium/high lysine were not significantly different (P > 0.05) between IC males fed high lysine and entire males, but were heavier (P < 0.05) than physical castrates, IC males fed low lysine, and IC males fed low/medium lysine. When expressed as a percentage of chilled side weight, only subtle differences in whole loin and trimmed loin were detected. The Canadian back loin of IC males fed medium/high lysine, IC males fed high lysine, and entire males were heavier (P < 0.05) than physical castrates and IC males fed low lysine diets. But, when expressed as a percentage of chilled side weight, no meaningful differences were detected. Heavier Canadian back weights in the IC males fed high lysine and entire males compared with physical castrates are likely due to increased LEA, which were also larger in IC males fed high lysine and entire males when compared with physical castrates. Statistical differences in weights of the tenderloin and sirloin were also detected, but the magnitude of the differences was small (Table  5) . Gispert et al. (2010) reported tenderloin muscles from physical castrates composed a smaller percentage of the carcass than IC males, females, or entire males. Tenderloins from entire males in this study had greater (P < 0.05) percentages of chilled side weight than any other treatment group. Differences in results between the 2 experiments may be due to inherent genetic variation in the population of the pigs used to create the 2 data sets. Pauly et al. (2009) reported no differences in entire loin weights as a percentage of chilled carcass weight between physical castrates and IC males, but percentages were less when compared with entire males.
There were no detectable differences (P > 0.05) for any treatment groups in whole ham weights as a percentage of chilled side weight (Table 6 ). There were statistical differences (P < 0.05) in absolute weight and as a percentage of chilled side weights in the components of the ham (inside, outside, knuckle, light butt, and shank) among treatments. In general, as dietary lysine increased in IC males, ham weights and ham component weights increased. Belly weights were not different among IC males regardless of dietary lysine content. Belly weights were also not different between physical castrates or any of the IC male treatment groups. The IC males fed medium/high lysine (5.60 kg) had heavier (P < 0.05) bellies than entire males (5.25 kg). This is likely due to entire male bellies being thinner (P < 0.05; data not shown in tabular form) than IC male bellies. Overall, IC males appeared to have slightly heavier primal and subprimal weights when compared with physical castrates even though the advantage did not reach statistical significance in all cases.
Cutting Yields
Cutting yields for all treatments are reported in Table  7 . Small numerical increases in weights of the primal pieces led to significant differences in cutting yields. Entire males (66.09%) had the greatest (P < 0.05) lean cutting yield among all other treatment groups (range 61.51 to 64.08%). The lean cutting yield advantage of entire males was on average more than 2.5 percentage units greater than any other treatment group. Physical castrates (61.51%) had smaller lean cutting yields (P < 0.05) than IC males fed medium/high lysine (64.08%), IC males fed high lysine (64.01%), and entire males (66.09%). Immunologically castrated males fed medium/high and high lysine had greater (P < 0.05) lean cutting yields than physical castrates by nearly 2.5 percentage units. It appears that as dietary lysine increased in IC male diets, lean cutting yields also increased. This advantage provides major economic advantages in carcass value for IC males over physical castrates. Even though entire males had the greatest lean cutting yields, problems with boar taint issues prevents entire males from being a reasonable option at this ending BW (129.6 kg) in the United States and other global markets.
Carcass cutting yield results were qualitatively similar to lean cutting yield results. Entire males (77.87%) had the greatest (P < 0.05) carcass cutting yields of any treatment group (range 73.70 to 76.33%). Physical castrates (73.70%) had less carcass cutting yields (P < 0.05) than IC males fed medium/high lysine (76.12%), IC males fed high lysine (76.33%), and entire males (77.87%; Table 7 ). There appeared to be a linear increase in carcass cutting yield as lysine was increased in the IC male diets. The medium/high (76.12%) and high (76.33%) lysine IC males had greater (P < 0.05) carcass cutting yields than IC males fed low lysine (74.28%) or physical castrates (73.70%). The differences were 1.84 percentage units between IC males fed medium/high lysine and IC males fed low lysine and 2.42 percentage units between IC males fed medium/high lysine and physical castrates. These carcass cutting yield advantages confirm lean cutting yield advantages of IC males fed a greater lysine diet over a conventionally fed physical castrate. This was not surprising given that IC males are physiologically more like entire males for most of their lives, and entire males are known to have a greater lysine requirement. It should also be noted, Means within a row for experimental treatments without a common superscript differ (P < 0.05). 1 Lysine inclusion: low = 0.7%; low/med (medium) = 0.8%; med/high = 0.9%; high = 1.0%.
the lysine program was continued throughout the life cycle and based on physiology may warrant further investigation by reducing lysine levels after the second injection.
Conclusions
The use of IC on entire male pigs did not have any detrimental effects on pork quality when compared with physical castrates. The results of this experiment were consistent with previously reported studies in that IC males had greater percentage lean values than physical castrates, but decreased percentage lean values compared with entire males. As dietary lysine increased among the IC males, backfat decreased and percentage lean increased. Lean cutting yields and carcass cutting yields were greater in IC males than in physical castrates, but were less than in entire males. As dietary lysine increased in IC males, cutting yields also increased. It appears from this population of pigs, IC males should be fed a diet greater in dietary lysine than traditionally fed to physical castrates to increase carcass cutting yield.
When IC males were fed the medium/high and high lysine diet, the advantage in carcass cutting yield was about 2.5 percentage units greater than physical castrates with no negative effects on pork quality variables (tenderness, water-holding capacity, ultimate pH, or color). This advantage could have a major economic implication for US and other global pork production systems. 
